There are quite a number of conflicting conclusions about inter-annual trends of the monsoon rainfall over South Asia as a result of global warming. Western Ghats, next to Himalayas are the principal watershed areas for the rivers of India. In this study, an attempt has been made to understand the inter-seasonal and inter-annual patterns rainfall over Agumbe -popularly known as the Cheerapunji of the South India. Since this region is particularly influenced by the south-west monsoon, the monthly rainfall data of this station from 1963 to 2010 have been studied to understand the longterm trend in rainfall as a consequence of global warming. Seasonally, the maximum amount in rainfall occurs during the summer followed by fall, spring and the least during winter (84.31 to 98.98%, 0 to 9.92%, 0 to 8.23% and 0 to 0.41% respectively). Though the rainfall of the study area is generally in phase with that of all India summer rainfall, however, there is an increasing trend of both inter-annual and seasonal rainfall suggesting the induction of global warming in supplying moisture from the Indian Ocean. The rate of increase has been found to be maximum during the summer, followed by spring and fall seasons with a pronounced increasing in the annual rainfall (22.85, 4.29, 2.82 and 28.58 mm/yr respectively). Generally, the annual lows and highs are generally in agreement with El Niño and La Niña years respectively. However, about 80% of the rainfall data fall within the mean of 7304 mm and 1087 mm 1σ standard deviation. Despite increasing in rainfall, the major part of the study area suffers from the shortage of water resource particularly during the spring season. Therefore, this study suggests for a better management of the water resource in high rainfall terrain.
INTRODUCTION
Monsoon rainfall is the most important source of fresh water for hydrological cycle, particularly in the tropics and sub-tropical regions. More than half of the global population depend upon the monsoon rains for drinking water, agriculture, power generation and the whole community economy of the South Asian countries depends on monsoon rains [1, 2] . The monsoon rain system seems to be perturbed with regional atmospheric anthropogenic activity especially due to biomass burning and combustion of fossil fuels [3] [4] [5] . Although the impact of atmospheric pollution is intense within the proximity of industries, however, anthropogenic and anthropocentric activities like urban growth, mining, quarrying, mineral processing and smelting leads to pollution *Address correspondence to this author at the Department of Marine Geology, Mangalore University, Mangalagangothri-574 199, Karnataka India; E-mail omsrbmanju@yahoo.com at regional to global scale [5, 6] . The impact of atmospheric pollutants has been noticed not only on monsoon rains, but also on retreat of mountain glaciers [6, 7] . This has implication on water budget particularly in the densely populated Indo-Gangetic alluvial plains during the spring and summer seasons. Numerous studies indicate that the trend of monsoon rainfall is contrasting under the scenario of global warming [8] [9] [10] [11] [12] . In this study an attempt has been made to understand the long-term rainfall trend as an impact of global warming.
The West Coast of India is a narrow strip of land that exists between the eastern Arabian Sea and Western Ghat mountains bordering the Peninsular India. The Western Ghats are the major plateau mountains in the Peninsular India. They form the major watershed area of both east as well as west-flowing rivers of the Peninsular India. The agricultural production, power generation and public water supply depend on the monsoon rainfall. The rainfall is quite high along the coast (>200-400 cm/yr), however, increases considerably along the neighbouring Western Ghats (~5000 mm/yr) as a result of orographic effect [13, 14] . The main objectives of this study are keen to understand the seasonal and interannual trends in rainfall over Agumbe, which is situated on the peak of the Western Ghats. This site is situated not only in the core of summer monsoon air flow, but also receiving the second highest rainfall in India.
DATA AND METHODOLOGY
Monthly variations in rainfall monitored around Agumbe (Fig. 1) for the period from 1963 to 2010 have been collected from the District Statistical Department, Shimoga, Karnataka, India. These data have been summed up into seasonal and annual levels and plotted as graphs to understand the long-term trends in the seasonal and inter annual variability of the rainfall. The trend in rainfall estimated from the regression line by lease square fit procedure. In order to understand the factor controlling the rainfall trend, the data have been compared with the records of El Niño and La Niña Years and their intensities. The summer monsoon and annual rainfall data are compared with the June, July as well as August, and annual averages of oceanic Niño Indices (ONI).
RESULTS AND DISCUSSION
The monthly variations of the rainfall data have been grouped into four seasons: winter (December, January and February), spring (March, April and May), summer (June, July, August and September), and fall (October and November). However, the above demarcation may vary from year to year, for instance, the summer rainfall some times may either advance or delay than the usual beginning June 1, and ends either early or later than September 15. The basic statistics of the seasonal and inter annual variability in rainfall have been given in Table 1 .
The most striking feature in rainfall is that received during the summer that ranges from 4853 to 10455 mm with an average of 7443 ± 1144 mm. The average quantum accounts as much as 84 to 99% with a mean of 93 ± 3.17% of the total annual rainfall over the sampling period. The main reason behind the maximum amount in rainfall occurs along the west coast of India is due to orographic effect as a result of the prevalence of long chain of coast parallel Western Ghats (Fig. 1) . Immediately after the summer, the rainfall drastically reduces to 317 mm ± 183 mm during the fall, least of 1.89 mm ± 5.68 mm during the winter. Whereas, the rainfall tends to begin during the spring (193 ± 167 mm) and intensifies during the summer.
The quantum of rainfall, therefore, considerably low during rest of the year that can be arranged in the decreasing order as fall, spring and winter respectively (4.23 ± 2.36 %, 2.53 ± 2.09 % and 0.03 ± 0.08 %). The quantity of rainfall received during the winter has been negligible. This can be explained by the dominance of wind flow from central Asia through north-eastern India to the area of investigation. The seasonal or semi-annual reversal wind pattern from southwest to north-east [15] results in the variations in the moisture transport as the airmass that originates from the north-east part of India and South Asia is generally dry and cold during the winter as compared to warm and moist air that advects over the northern Indian Ocean as well as Arabian Sea, during the summer.
Correlation coefficients have been computed to understand the extent of relationship among the seasonal variability in the rainfall. The most significant and highest correlation is between the summer and annual rainfall (r = 0.90 at 99% confidence level). As explained earlier, the winter rainfall is not correlated significantly with monsoon and remaining other seasons ( Table 2) . Nevertheless, the rainfall during the fall and spring seems to be dependent and these two in turn correlated significantly with the summer rainfall, suggesting the importance of the moisture transport from the winds advecting over the Arabian Sea and the Northern Indian Ocean. With the exception of winter rainfall, all seasonal rainfall tends to increasing with time, implying the importance of the global warming in mobilizing the moisture. The rate of increase in rainfall estimated from the least square fit lines (Fig. 2) found to be maximum for the annual rainfall, followed by summer, fall and spring (28.58 mm/yr, 22.85 mm/yr, 4.29 mm/yr, and 2.82 mm/yr respectively). These trends indeed almost coherent with the correlation coefficient between time in terms of years lapsed with rainfall.
In order to understand the factor controlling the longterm variability in the rainfall, seasonal and annual rainfall of the Agumbe region have been plotted as Fig. (3) along with a bar of standard deviation in the rainfall. Also plotted in the Fig. (2) are Oceanic Niño Indices (ONI) which are used to understand the teleconnection of rainfall over the Agumbe with El Niño (warm)/ La Niña (cool) years over the tropical Pacific (cited February 24; 2014; http://ggweather.com/enso/ oni.htm). The annual rainfall over Agumbe ranges from 5443 mm to 11127 mm with a mean of 7304 mm and standard deviation of 1087 mm. About 80% of the interannual rainfall data points scattered within the one standard deviation of the mean suggests the consistency of the monsoon. Moreover, approximately 10% each of the observations fall above and below the standard deviation, implying near normal distributions of the rainfall data. The lowest rainfall recorded over the years from 1963 to 2010 was during 1987 and highest was during 1994 (5443 mm and 11127 mm respectively). Surprisingly, both the former and latter belongs to the moderate El Niño year. However, some of low rainfall years of Agumbe (lower than one sigma standard deviation) belong to moderate to strong El Niño years (1987, 1967 and 1972 respectively) . Similarly, almost none of high rainfall years (above the 1σ standard deviation) of Agumbe belong to La Niña years. The summer and annual rainfall of Agumbe plotted against the June, July and August and annual average ONI (Fig. 4) . Although there is a decreasing trend of the annual rainfall, however, there is quite dramatic decreasing trend noticed for the rains during summer. Despite statistically insignificance, all these observations suggest that the rainfall trend over Agumbe seems to be inversely related to temperature changes over the east tropical Pacific Ocean.
Numerous studies indicate that the trend of monsoon rainfall is either increasing under the scenario of global warming [8, 9, [11] [12] [13] [14] [15] [16] or decreasing trend [10, [17] [18] [19] Naidu et al. [20] have analysed seasonal and interannual variations in the rainfall over 30 meteorological subdivisions of India spanning a long-time span of 1871 to 2005. They found a general tendency of increasing in rainfall (13.3 mm/decade), with a decreasing trend from 1916 to 1930. Since the data used in this paper are from the early 1960s, the dry episodes have not been noticed thereafter. Sinha Ray and Srivastava [21] have shown that there are both increasing and decreasing trends in rainfall noticed over India, particularly Therefore, it is apparent that the both trends of rainfall are evident over the Indian sub-continent. The inter-annual trends in rainfall observed over Agumbe appears to be good news, however, the rainfall pattern seems to be episodic, i.e., intense rainfall events occur in short time due to variations in tropical convergence zone (TCZ) with low out-going longwave radiation (OLR) over a large-scale zonal belt, offshore convective system, midtropospheric cyclone (MTC) and offshore vortex [14] .
Further analysis of data through sector-wise may provide better information. Since the major part (93± 3.20%) of the annual rainfall occurs during the summer season-that begins during June and ends up during September, with a prolonged gap of eight months in a year, water scarcity has being noticed in the vicinity around the area of investigation. Hence, there is a need to increase the water management activities for agriculture and domestic purposes.
CONCLUSION
The long-term variations in rainfall over Agumbe from 1963 to 2010 show an enhancing trend in the increasing order of importance from spring, fall, summer and annual (2.82 mm/yr, 4.29 mm/yr, 22.85 mm/yr and 28.58 mm/yr respectively). In contrast, the rainfall found to be negligible during the winter (0.03%) because of the dry and cold airmass arriving from the north-east. The summer rainfall contributes to about 90% of the annual, followed by fall and spring due to the warm and moist south-westerly flow of airmass from the Indian Ocean. The increasing pattern implies the impact of global warming which is significant particularly since 1960s. However, there seems to be an inverse relationship between Oceanic Niño Indices (ONI) of the tropical Pacific Ocean and summer rainfall over Agumbe. Fig. (4) . Relationship between the annual rainfall and annual oceanic Niño indices, and summer rainfall and summer monsoon (June, July and August) indices.
